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© Assay for nucleic acid sequences In a sample. 

© A method for detecting (i) one or more microorganisms or nucleic aod seauences from a prokaryotic 
source or an eukaryotic source in a nucleic acid-containing test sample comprising 
(a) labeling the nucleic acids in the test sample. 

<b> contacting, under hybridization conditions, the labeled hybridizabte nucleic acid and one or more 
immobilized hybridizable nucleic acid probes comprising \t) one or more known microorganisms or (ii) 
sequences from eukaroyttc or prokaryotic sources, to form hybridized labeled nucleic acids, and 

(d) ?«saying for the hybridized nucleic acids by detecting the label. The method can be used to 
<X detect genetic disorders, e.g.. sickle-cell anemia. 
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ASSAY FOR NUCLEIC ACID SEQUENCES IN A SAMPL E 



BACKGROUND OF THE INVENTION 
F> eld of the Invention 

The present application rebates to the detection and identification o' micco -3.3ms t.s ana the detection 
and identification o* particular prokarvotic or eukaryotic DNA sources m a senc ac»d containing test 
sample. 

Still further, the present invention relates to a method for the lysis of whole •:- 's. 



Th« identification of sp». :«es of microorganisms in a sample containing a r-iVLire of "ltcroo'-ganisms. by 
immobilizing the DNA from the sample and subjecting it to hyoncication a in a labelled specimen of 
species -specific DNA frpm a known microorganism and observing whether nv^ndization occt"S between 
the immobilized DNA and the labelled specimen, has been disclosed in n CT patent application No. 
?o PCT/US83/010?9. 

The most efficient and sensitive method of detection of nucleic acids suc h 3S DNA after hybridization 
requires radtoactiveiy labeled DNA. The use of autoradiography and enzymes prolongs the assay time and 
requires experienced technicians. 

U S.P 4.358.535 to Falkow et al describe infectious disease diagnosis usmc abeied nucleotide orobes 
s complementary to nucteic acid coding for a characteristic pathogen oroduct. 

!L The Detection of Specific Eukaryotic Sequences 

to The identification of specific sequence alteration in an eukaryotic nucleic ace sample by immobilizing 

me DNA from the sample and subjecting it to hvbndization with a labeled oligonucleotide and observing 
whether hybridization occurs between the immobilized DNA and the labeled probe, has been described m 
European Patent Application No 86 117 978.6 filed June 12. 1986. 

It is known that the expression of a specific gene determines the physical condition of a human being. 

15 Adult hemoglobin is a tetrameric association of two alpha and two beta subunits. During emnryonic and fetal 
life, the alpha chains are associated with successively, gamma and delta chains before the adult beta form 
predominates. The genes tor alpha hemoglobin are located ?n human chromosome number 16 and the 
genes tor gamma, delta and beta hemoglobin are tandemly linked on human chromosome 1 1 
Hemoglobinopathies are heritable diseases that are the result of alterations in the structure of one or more 

40 of the hemoglobin genes Many of the mutations have been characterized m considerable molecular detail 
and can range from single base pair changes to wholesale deletion of a gene family For example, a change 
in the beta-giobin gene coding sequence from GAG to GTG at the sixth ammo acid position produces 
sickle-beta-giobin and a homozygote can have a disease known as sickle cell anemia. Similarly deletion of 
particular sequences from alpha-globin or beta-globin genes can cause thalassemias A recent survey. The 

-is New Genetics and Clinical Practice . D J WeatheraH. The Nuffield Provincial Hospitals T rust. U982>, 
chapter 2 describes the frequency and clinical spectrum o* genetic diseases 

Problems associated with genetic detects can be diagnosed by nucleic acid sequence information The 
easiest way to detect such sequence information is to use the method of hybridization with a specific probe 
of a known sequence 

so U S. P. 4.395.486 to Wilson et al describe a method for the direct analysis of sickle cell anemia using a 

restriction endonudease assay. 

Edward M. Rubin and Yuet Wai Kan. "A Simple Sensitive Prenatal Test for Hydrops Fetalis Caused By 
o-Thalassaemia" The Lancet . January 12. 1985. pp. T5-77 describes a dot blot analysis to differentiate 
between the genotypes of homozygous alpha-thalassemia and those of the haemogiobm-H disease and 
atpha-thalassemia trait. 
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The most efficient and sensitive method of detection of nucleic acids, such as DNA. after hybridization 
requires radioactivev 'abelled DNA. The use of autoradiography and enzymes prolongs the assay time and 
requires experience-: '?cnnicians. 

Recently. a nonradioactive metnod of labeling ONA was descibedby Ward et al. European Patent 

5 Application 63.879 v.'ard et al. use the method cf mck translation to introduce biotmytated U (uracil) 
residues into ONA. .---oiacing T (thymine). The biotm residue is then assayed with antibiotin antibody or an 
avtdin-contatnmg syT'^m The detection in (his case is quicker than autoradiography, but the nicx translation 
method requires ' :Ny skilled personnel. Moreover, biotmyiation using biotinylated UTP (undine 
triphosphate) works -.^iy for thymine-containing polynucleotides. The use of other nucleo* ; Je triphosphates 

to is very difficult beer- <? the chemical derealization of A (adenine) or G (guanine) or T ,cytosme> (containing 
-NH,) with biotin rec : "?s the skills of trained organic chemists. 



C. Effect of Nontont - ^c'ymers on Hybridization 

'5 

It has been sh- -i by Wetmur ( Biooolymers . J4 25 1 7-2524. M974\> that anionic polymers such as 
dextran sulfate inci'-e the rate of DNA-DNA hybridization m solution. It has also been shown that the 
heterogeneous pha- ■ .ybridization rate can also be increased by dextran sulfate. U.S. Patent 4.302.204 
discloses the effect '■' :harge^ oolysaccharides on the rate of nucleic acid hybridization. 

20 Recently Amasi: - ' Analytical Biochemistry . 152 . 304-307 (1986)) has shown that a neutral Doiymer like 

polyethylene gtyect ..^.n increase the rate of DNA-RNA hybridization more than dextran sulfate under 
optimum conditions, ^though polyethylene glycol (PEG) has been used before in the hybnOization medium 
(e.g.. Renz and Kurr. Nucleic Acids Res. . 12. 3435-3444 (1984)). no advantage was predicted over the use 
of dextran sulfate. * replicants have observed, to their surprise, that m the presence of i0°» polyethylene 

2S glycol hybridization --vi be virtually finished in t5 minutes. Although Amasmo supra has shown PEG »s 
better than dextran - : .'ate as an accelerator, his labeled probe was single stranded RNA. in the case of the 
present invention, tr • labeled material is whole genomic sample ONA where both complementary strands 
are present in soK* When a polymer accelerates the rate of hybridization it should also heio me 
reannealing in soluti' and hence should reduce the efficiency of hybridization, instead of increasing it. 

30 

D_ Cell Lysis 

The present inv^r-on also provides a method for the efficient lysis of whole ceils such that their ONA is 
35 released and made pvailable for photochemical labeling. While eukaryotic cells derived from multicellular 
animals are easily lysed under relatively mild conditions, single cell eukaryotes and prokaryotes. especially 
Gram positive prokaryotes, are more difficult to lyse due to the complicated chemical nature and extent of 
cross-linking of their cell walls. Methods do exist for efficiently lysmg these refractory organisms, either by 
chemical-enzymatic or physical means, but these methods are often complicated, time-consuming and 
40 inappropriate for preserving the integrity of ONA. 



SUMMARY OF THE INVENTION 

45 It is accordingly an object of the oresem invention to provide a rapid and convenient method lor 

detection of one "or more microorganisms or nucleic actd sequences from a prokaryonc source or an 
eukaryotic source in a nucleic acid-containing test sample. 

It is another obiect o* the invention to provide a method for a simultaneous assay for the presence of 
more than one nucleic acid sequence, 
so Another object of the invention involves direct labeling of the nucleic acid in the test sample. 

A still further object of the invention is to use whole chromosomal nucleic acid as the probe andor as 
the test sample. 

:> Also the invention relates to the use of oligonucleotides as immobilized probes. 

The invention further relates to the use of cloning vectors and their derivatives for use as immobilized 
55 probes. 

The invention also concerns the use of polyethylene glycol as a hybridization accelerator. 
Still further the invention is directed to preparing a cell lysate by contacting a ceil witn alkali. 
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These and other obiects and advantages ate realized in accordance cresen: a - 

method of detecting <») one nr mce microcganisms or nucleic ac:c $ecu»3^-:-?s !r:«~ •» ::* :«a'vctic 
source or an eukaryotic source m a nucteic acid-containing test sarnie. 

The method involves the following - 
5 (a) labeling the nucteic acids, e.g.. the nucleic acids of the organisms or -e ! !s cr :« 1 *- c-s. « *r-e 

test sample. 

(b) contacting, under hybridization conditions, the labeled hybndizac-ie samcie .-*uc'-?"-. aro cne 
or more immobilized hypndizabie (eg, smgle-stranaed) nucleic acid (e.g.. GNA* crctes C""" cnstog of <0 
one or more known microorganisms or nucleic acid seauences from eukaryotic or crckar-. -y.iC sources. 

w to form hybridized labeled nucleic acids and 

(c) assaying for the hybridized nucleic acids by detecting the 'abei 

The hybndtzabie nucleic acid can be whole genomic nucleic acid or a fragment thereof, e g.. an 
oligonucleotide. 

tn step (a), the nuceic acids can be labeled oirectlv in the test samoie. In steo ia). in such direct 
?5 labeling, cells of the test samoie can be lysed and then a labeling reagent can ce added, whereby to label 
the nucleic acid. 

The method further comprises denaturing the 'abeled nucleic acids from steo (a) to form labeled 
denatur****. nucip'r 2 rids. 

According to the invention, a labeled nue'etc acid test sample is contacted simultaneous^/ with several 
20 different types of nucteic auJ. e.g.. ONA. prooes for nybndization. The nucleic ac»d tes- sample »s labeled 
and hybridized with several unlabeled immobilized orobes. The Dositions of the orobes are f" v .ed. and the 
labeled probe detected after hybridization will indicate that »he test samoie carries a nucleic arid sequence 
complementary to the corresponding probe. 

Nucteic acid probes tor several microbiological systems or for different alleles of one or more genes 
?s can be immobilized separately on a solid support, for example, nitrocellulose paper. The test sample 
nucleic acids are labeled and remain in solution. The solid material containing the immobilized probe is 
brought in contact with the labeled test nucleic acid solution under hybridization conditions. The solid 
material is washed free oi unhybridized nucleic acid and the label is assayed. The presence of the label 
with one or more of the probes >nd'cates that the test sample contains nucleic acids substantially 
30 complementary to those probes and hence originate, for example, from an infection by particular micro- 
biological systems. 

Labeling can be accomplished in a whole living cell or a coil lysate. and can be non-isotooic. The 
nucleic ac»d can be used for hybridization without further purification. 

The present invention also concerns specific lysis conditions to release nucleic acids from both gram 
35 positive and gram negative bacteria. 

The present invention aiso rentes to a hybridization medium which accelerates the process of 
hybridization. A hybridization accelerator according to the present invention is oolyeihyiene giyco* 

The present invention further concerns a kit for detecting (i) one or more microorganisms or (ii> nucleic 
acid sequences from a prokaryotic source or an eukaryotic source m a nucleic acid-containing test sample 
*0 comprising 

(a) a suppon solid containing hybridizabie. e.g.. smgie-strandod. nucleic acid. e.g.. DNA or an 
oligonucleotide, of ft) said one or more known microorganisms or (ii) said seauences from eukaryotic or 
prokaryotic sources immobilized thereon, e.g.. a strip containing dots or soots of known microorganisms or 
eukaryotes or prokaryotes. 
«*s (b) a reagent for labeling the nucleic acid of the test samoie. 

(c) a reagent for releasing and denaturing nucleic acid. e.g.. DNA. in the test samoie. and 

(d) hybridization reagents. 

For chemiiuminescence detection of the hybridized nucleic acid, the kit would further comonse a 
riagent for chemiluminescent detection 
so In the above described kit. the reagent for labeling is given hereinbelow in a discussion on labels. 

Reagents for releasing and denaturing DNA include sodium hydroxide and lysmg agents such as 
detergents and lysozymes. 

Typical hybridization reagents includes a mixture of sodium chloride, sodium citrate. SDS (sodium 
dodecyl sulfate), bovine serum albumin, nonfat milk or dextran sulfate and optionally formamide. 
55 The present invention further concerns a method of hybridization comprising contacting two com- 

plementary single stranded nucleic acids under hybridization conditions, at least one of which »s immo- 
bilized wherein polyethylene glycol is added. 
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BRIEF DESCRIPTION CF THE FIGURES 

Fig. i is an autor adiograoh of resutts of immobilization of an oligonucleotide secuence :peofic for 
hemogloom mutation. 

Fig. 2 is a photograph of results of hybridization with labeled gemomtc ONA for non radioactive 
detection. 



DETAILED DESCRIPTION QF THE INVENTION 

The test sample »n the present invention includes body fluids, e.g.. urine, blood, semen, cerebrospinal 
fluid, pus. amniotic fluid, tears, or semisolid or fluid discharge, e.g.. sputum, saliva, lung aspirate, vagina* or 
urethal discharge, stool or solid tissue samples, such as a biopsy or chorionic viiiispecimens. Test samoies 
also include samples collected with swabs from the skin, genitalia, or throat. 

All these test samples can be used for hybridization diagnosis after labeling the nucleic acids of the 
sample. The labeling can be accomplished without any processing of the sample. As for example, a unne 
sample (suspected o f bacterial infections) can be labe'ed without cemrifuganon. filtration or diaiysts. The 
cells in ihe samples can be lysed without any separation step, it is surprising that a nucleic aciJ labeling 
reaction takes place in such a . omplex mixture as a clinical sample. 

The nucleic acid is preferably labeled by means of photochemistry, employing a photoreactive DNA- 
binding furocoumarin or a phenanthridine compound to link the nucleic acid to a label whicn can b« "read" 
or assayed m conventional manner, including fluorescence detection. The end product is thus a :abe»ed 
nucleic acid comprising (a) a nucleic acid component, (b) an intercalates or other ONA-bmding ligand 
photochemically linked to the nucleic acid component, and (c) a label chemically linked to (b). 

The photochemical method provides more favorable reaction conditions than the usual chemical 
coupling method for biochemically sensitive substances. The intercalator and label can first be coupled and 
then photoreacted with the nucleic acid, or the nucleic acid can first be photoreacted with the intercalator 
and then coupled to the label 

A general scheme for coupling a nucleic acid, exemplified by double-stranded DNA. to apply a ^abei. is 
as follows: 



Label 



Photoreactive 
Intercalator 

I 

Labeled 

Photoreactive 

Intercalator 



+ DNA 
h 



Double-Stranded DNA + Photoreactive 

Intercalator 

hV 



Chemically - Functionalized DNA 
+ Label 
-4 Labeled DNA 



Lea 

I 



Where the hybridizable portion of the nucleic acid is in a double stranded form, such portion «s then 
denatured to yield a hybridizable single stranded portion. Alternatively, where the labeled DNA comprises 
the hybridizable portion already in single stranded form, such denaturation can be avoided if desired. 
Alternatively, double stranded DNA can be labeled by the approach of the present invention after 
hybridization has occurred using a hybridization format which generates double stranded DNA only in the 
presence of the sequence to be detected. 

To produce specific and efficient photochemical products, u is desirable that the nucleic acid compo- 
nent and the photoreactive intercalator compound be allowed to react in the dark in a specific manner. 
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For coupling to DNA. amtnomethyi psoralen, ammomethyl angelicin and ammo alky! ethidium or 
methidium abides are particularly useful compounds They fcmd to doub'e-stranded ONA and only the 
complex yields photoadduct. 'n rhe case where labeled double-stranded DNA must be cenatured in orcer to 
yield a hybndizabie single strandea region, conditions are employed so that simultaneous interaction of two 
strands of ONA with a single photoadduct is prevented, it is necessary that the freauency of modification 
along a hybndizabie single strandea portion of the nucleic acid not be so great as to substantially prevent 
hybridization, and accordingly there preferably will be not more than one site of modification per 25. more 
usually 50. and preferably i00. nucleotide bases. Angelicin derivatives are superior to psoralen compounds 
for monoadduct formation if a single-stranded ONA nucleic acid •< covaiently attached to some extra 
double-stranded DNA. use ol phenanthridium and psoralen compounds »s desirable -..nee these compounds 
interact specifically to double-stranded DNA m the dark The chemistry for the synthesis of the coupled 
reagents to modify nucleic acids for labeling, described more fully hereinbelow. is similar for all cases. 

The nucleic acid component can be single or double stranded DNA or RNA or fragments thereof such 
as are produced by restriction enzymes or even relatively short oligomers. 

The DNA-binding ligands of the present invention used to link the nucleic acid component to the label 
can be any suitable photoreactive lorm of known ONA-bmping ligands. Particularly preferred DNA-binding 
ligands are intercalates compounds such as the furocoumanns. e.g.. angelicin (isopspraten) or psoralen or 
denva f i.^s the-^of which phptochemicaHy will react wtt^ nucleic acids. * j.. 4-ammomethyi-4.5*-dimethyi 
angelicin. 4-aminomethy!-trio*salen {4aminomethyl-4,5'.8-trtrnethy!-osoralen). 3-carboxv-5-or -8-ammo-or- 
hydroxy-psoralen, as well as mono-or bis-az'do aminoalkyt methidium or ethidium compc jnds. 

Particularly useful photoreactive forms o* intercalating agents are the azidomtercalators. Their reactive 
nitrenes are readily generated at long wavelength ultraviolet or visible light and the nitrenes ot aryiazides 
prefer insertion reactions over their rearrangement products (see White et ai. Methods in Enzymot. , 46 644 
(1977)). Representative intercalating agents include azidoacndme. ethidium monoazide. ethidium diazide. 
ethidium dimer azide (Mitchell et al. JACS . 1Q4 , 4265 M982)). 4-azido-7-chloroauinoiine. and 2- 
azidofluorene. A specific nucleic acid binding azido compound has been described by Forster et at. Nucleic 
Acid Res.. 13. (1985). 745. The structure of such compound is as follows: 




HN 




O 
II 



NH - (CIL) ,-N- (CH.) .-NH-C- (CH.) -I 



NH 



Other useful photoreactable intercalators are the furocoumanns which form (2 * 2 s cycloadducts with 
pyrimidine residues. Alkylating agents can also be used such as bis-chtoroethyiamines and epoxides or 
azihdines. e.g.. anatoxins, polycychc hydrocarbon epoxides, mitomycin and norphillin A. 

Nonlimiting examples of mtercalator compounds for use »n the present invention include acndine dyes, 
phenanthrtdines. phenazines. furocoumanns. phenothiazines and quinolmes. 

The label which is linked to the nucleic acid component according to the present invention can be any 
chemical group oi residue having a detectable physical or chemical property, i.e.. labeling can be 
conducted by chemical reaction or physical adsorption. The label will bear a functional chemical group to 
enable it to be chemically linked to the mtercalator compound Such labeling materials have been well 
developed in the field of immunoassays and in general most any label useful in such methods can be 
applied to the present invention Particularly useful are enrymatically active groups, such as enzymes (see 
Clin. Chem. . (1976) . 22. 1243). enzyme substrates (see British Pat. Spec. 1.548.741>. coenzymes (see U.S. 
Patent Nos. 4.230.797 and 4.238.565) and enzyme inhibitors (see US. Patent No 4.134.792: ftuoiescers 
(see Clin. Chem. . (1979) . 25. 353) . and chromophores including phycobiiiprotems: luminescers such as 
chemiluminescers and biolummescers (see Ctin. Chem. . P979) 25. 512. and ibid. 1531): specifically 
bindable ligands. i.e.. protein binding ligands: and residues comprising radioisotopes such as "H. '*S. 3 -P. 
,5> 1. and **C. Such labels are detected on the basis of their own physical properties (e.g.. fluoresces. 
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chromophores radioisotopes* or their reactive or binding properties <e.g.. enzymes, substrates, 

coenzymes and inhibitors). For example, a cofactor-'abeied nucleic acid can be detectea by adding the 
enzyme tor which ?he label is a cofactor and a substrate for the enzyme. A hacten or ligand (e.g.. biotm) 
labeled nucleic s;:d can be detected by adding an antibcdy or an antibody pigment to the haoten or a 
protein (e.g., av«cmi which binds the Hgand. taggeo with a detectable molecule. An antigen can also be 
used as a label. Such detectable molecule can be some molecule with a measurable physical property 
(e.g., fluorescence or absorbance) or a participant m an enzyme reaction (e.g.. see above list). For examoie. 
one can use an enzyme which acts upon a substrate to generate a product with measurable physical 
property. Examples of the latter include, but are not limited to. beta-gaiactosidase. alk?!:r»e phosphatase, 
papain and peroxidase. For in situ hybridization studies, ideally the final product I: v.ater insoluble. Other 
labels, e.g.. dyes, will be evident to one having ordinary skilt in the art. 

The label will be linked to the intercalator compound, e.g.. acridine dyes, phenanthndines. phenazmes. 
furocoumarins. phenothiazines and quinolines. by direct chemical linkage such as involving covalent bonds, 
or by indirect linkage such as by the incorporation of the label in a microcapsule or lioosome which in turn 
is linked to the intercalator compound. Methods by which the label »s linked to the intercalator compounds 
are essentially known in the an and any convenient method can be used to perform the present invention. 

Advantageously, the intercalator compound is first combined with label chemically and thereafter 
combiner with the nucleic actd component. For example, since biotin carries a carboxyl group, it can be 
combined with a furocoumarin 1 y way of amide or ester formation without interfering with th-- photochemical 
reactivity of the furocoumarin or the biological activity of the btotm. e.g.. 
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Other am.rorr.etr.var.geitcm. osoraten ar.c cnenanthncium derivatives zr-.r. 
phenantnncium hances ar.fi derivatives thereof sucr as amirccrocyi rr.etnidn.: 



~e similarly reacted, as can 

-.r.'or'Ce. : 6 . 




CI 



(see Hertzberg et at. J. Amer. Chem. Soc . tO* . 0i3 M9821>. 

Alternatively, a bifunct?onat reagent such as dithiobis succinmidvi crcD<onate or i -i-butanedtol 
diglyodyi ether can be used directly to couple the photoclormcaiiy reactive molecule with the 'abet where 
the reactants have alkyl amino residues, again »n a known manner with regard to solvents, prooortions and 
reaction conditions. Certain Afunctional reagents, possibly giutraldehyde may not be suitable because, 
while they couole. they may modify nucleic acid and thus interfere with the assay. Routine precautions can 
be taken to prevent such difficulties. 

The particular sequence used m making the labeled nucleic acid can be varied. Thus, for example, an 
ammo-substituted psoralen can first be photochemicaily coupied with a nucleic acid, the product having 
pendant amino groups by which it can be coupled to the label, i.e.. labeling can be earned out by 
photochemicaily reacting a ONA binding ligand w.th the nicleic acid in the test sample. Alternatively, the 
psoralen can first be coupled to a label such as an enzyme and then to the nucleic acid. 

As described in European Patent Application No. 85 1 16 199.2 vom i2. Mai 1985. invention also 
encompasses a labeled nucleic acid comprising (a> a nucleic acid component, (b) a nucleic ac«d-bmding 
ligand photochemicaily linked to the nucle»c acid component. (c> a label and <d> a spacer chemically linking 
(b) and fc). 

Advantageously, the spacer includes a chain of up to about 40 atoms, preferably about 2 to 20 atoms, 
selected from the group consisting of carbon, oxygen, nitrogen and sulfur. 

Such spacer may be the polyfunctional radical of a member selected from the group consisting of 
peptide, hydrocarbon, polyalcohol. polyether. oolyamine. poly«mme and carbohydrate, e.g.. -giycyl-glycyl- 
glycyl-or other oligopeptide, carbonyl dipeptides. and omega-ammo-alkane-carbonyi radical such as -NH 
(CH,VCO. a spermine or spermidine radical, an alpha, omcga-aikanediamme radical such as -NH-iCH,),* 
NH or -HN-CH,-CrVNH. or the like. Sugar, polyethylene oxide radicals, glyceryl, pcntaerythntol. and like 
radicals can also serve as the spacers. 

These spacers can be directly linked to the nucleic acid-binding ligand and/or the label or the linkages 
may include a divalent radical of a coupler such as dithiobis succmimidyl propionate, i.a-butanediol 
diglycidyl ether, a diicocyanate. carbodiimide. giyoxal. glutaraldehyde. or the like. 

The spacer can be incorporated at any stage of the process of making the orobe. 

a-b-d-c 

defined hereinabove. Thus, the seauence can be any of the following. 

a*b + d + c. 

b*d a. 

d ♦c + b + a. 
b*d*a*c. etc. 

The conditions for the individual steps are well known in chemistry. 

If the label is an enzvme. for example, the product w.u ultimately be placed on a suitable medium and 
the extent ot catalysis will be determined. Thus. »* the enzyme .s a phosphatase, the medium could contain 
nitTOOhenyl phosphate and one would monitor the amount of nitrophenol generated by observing the color. 
If the enzyme is a beta-galactosidase. the medium can contain o-nitro-phenyi-O-gaiacto-oyranoside which 
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also will liberate nitrophenoi 

The labeled nucleic acid of the present invention is applicable to ail conventional hycncizaticn assav 
formats, and «n general to any format that <s possible basea on formation of a hyondizaticn oroduct or 
aggregate comcnsmg the iabeied nucleic actd in oanicutar. ti'se umoue ^abe^ed nucetc ac:d cf the oresent 
invention can be used »n solution and solid-phase hybnoization formats, including, in the 'after case, formats 
involving immobilization of etther sample cr probe nucleic acids and sar.dw»ch formats. 

The nude'C acid probe will comprise at leas t one h ybnqizabie. e g.. smgie-stranced. base sequence 
substantially complementary to or homologous with the sequence tc be detected. However, such base 
sequence need not be a single continuous polynucleotide segment, tut can be comprised of two or more 
individual segments interrupted by nonhomologous sequences. These nonhomoioo^^s seauences can be 
linear or they can be self-complementary and form hairpin loops, tn addition. nomoiogous region of the 
probe can be flanked at the 3 and 5 termini by nonhomologous sequences, such as those comprising the 
DNA or RNA or a vector into which the homologous sequence had been inserted for propagation. In either 
instance, the probe as presented as an analytical reagent will exhibit detectable hybridization at one or 
more points with sample nucleic acids of interest, linear or circular hybridizable. e g., single-stranded 
polynucleotides can be used as the probe element, with major or minor portions being duplexed with a 
complementary polynucleotide strand or strands, provided that the critical homologous segment or seg- 
ments *re m smr'e-stranded form and available for hybridization with sample DNA or RNA Useful probes 
include linear or circular probes wherein the homologous orofce sequence is m essentially only smgle- 
stranded form (see particu*».rly Hu and Messmq. Gene . 17.271 P982M. 

The nuc'e»c and probe of the present invention can be used m any conventional hybridization 
technique. As improvements are made and conceptually new formats are developed, such c?n be readily 
applied to the present probes Conventional hvbndization 'ormats which are particularly useful include those 
wherein the sample nuc'e»c acids or the polynucleotide probe is immobilized on a so'id suoDon /solid-phase 
hybridization) and those wherein the polynucleotide species are ail m solution (solution hybridization). 

In solid-phase hybridization formats, one of the polynucleotide species participating in hybridization is 
fixed in an appropriate manner in its single-stranded form to a solid support. Useful solid supports are well 
known in the art and include those which bind nucleic acids either covafently or noncovalently, Noncovatent 
supports which are generally understood to involve hydrophobic bonding include naturally occurring and 
synthetic polymenc materials, such as nitrocellulose, derivatized nylon and fluorinated polyhydrocarbons. in 
a variety of forms such as filters, beads or solid sheets Covaiont binding supports fin the form o* filters, 
beads O' solid sheets, lust to mention a few) are also useful and comprise materials having chemically 
reactive groups or groups, such as dichlorotnazine. diazobenzyioxymethyl. and the like, which can be 
activated for binding to polynucleotides. 

it is well known that noncovaient immobilization of an oligonucleotide is ineffective on a solid suoport. 
for example, on nitrocellulose oaper The present invention also describes novel methods of oligonucleotide 
immobilization. This is achieved by phosphorylation of an oligonucleotide by a polynucleotide kinase or by 
ligation of the 5-phosphorylated oligonucleotide to produce multi-oiigcnucieotide molecules capable of 
immobilization. The conditions for kinase and ligation reaction have been described m standard text books, 
e.g.. Molecular Cloning . T. Mantatis. E.F Fntsch and J Sambrook. Cold Spring Harbor Laboratory. <1982>. 
pages 1-123. 

A typical solid-phase hybridization technique begins with immobilization of samote nucleic acids onto 
the support in single-stranded form. This initial step essentially prevents reanneating of complementary 
strands from the sample and can be used as a means for concentrating sample matenal on the suooort for 
enhanced detect ability. The polynucleotide orobe is then contacted with the support and hybridization 
detected by measurement of the label as desenbed herein. The solid suoport provides a convenient means 
tor separating labeled probe which has hybridized to the sequence to be detected from that which has not 
hybridized. 

Another method of interest is the sandwich hybridization technique wherein one of two mutually 
exclusive fragments of the homologous sequence o* the probe is immobilized and the other »s labelled. The 
presence of the polynucleotide sequence of interest results m dual hvbndization to the immobilized and 
labelled probe segments. See Methods in Enzymotpgy , 65:^68 (i960) and Gene . 2 1 77-85 (1983> for further 
Retails. 

For the present invention, the immobile phase of the hybridization system can be a series or matrix of 
spots of known kinds and'or dilutions of denatured DNA. This is most simoly prepared by pipetting 
appropriate small volumes of native ONA onto a dry nitrocellulose or nylon sheet, floating the sheet cn a 
sodium hydroxide solution to denature the DNA. rinsing the sheet m a neutralizing solution, then baking the 
sheet to fix the DNA. Before ONA:DNA hybridization, the sheet is usually treated with a solution that inhibits 
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non-soecific binding of added DNA during nybndizav.cn. 

This invention involves the labeling of whole genomic DNA. whole nuclei acids present -n ceils, whole 
ceil lysate. or uniysed whole cells. Once the "abeieo material is orepared. it can be used fcr detection, 
i.e.. the oresence or absence of certain specific gencmic sequences bv sceafic nucleic ac:d hybridization 



One method according to the invention involves the separation of ceils from a human sample or the 
human sample directly «s treated by mixing with a photochemically reactive nucleic aod binding inter- 
calating ligand. The mixture is incubated dec-ending on the type of the sample, if the samcie »s lyseo ceils 
or nucleic acids, it is incubated for a period between a few secondr to five minutes and ••■-:*en whole ceils or 
o partially lysed cells are used, incubation between rwo minutes to two hours is -=»^cioyed. After the mixing 
and incubation, the whole samcie mixture is irradiated at a particular wavelength for the covaient interaction 
between the photochemically reactive DNA binding ligand and the test sample. Then this labeled material is 
hybridized under specific hybridization conditions with a specific probe. 

After the hybridization, the unreacted unhybridized labeled test samcie ts removed by washing. After 
5 the washing, the hybrid ■$ detected through the label carried by the test samoie. which rs soeoficaily 
hybridized with a specific probe. 

The present invention is surprising since in a human genomic samoie the amount of a single copy qene 
is very tow. for example. »f a restriction fragment of one thousand base cc. s is the region of hybridization, 
the frequency of such sequ^-.ce »n the whole human genomic sample :s one in a miiiio- This conclusion 
20 has been derived by assuming from the literature that a human genomic samoie has 3 x 10' base pairs and 
tOOO base pairs will be I '3.000.000 of that number. Automatically, m a sample of human DNA containing 
approximately five to ten micrograms of nucleic acids, ^nly 5 to 10 picogram of the corresDonding 
sequences is available and labeling the vast majority of the non-specific DNA should produce more 
background than the true signal. But after the reaction, it is surprising to observe that the results are not 
35 only specific, but also of unexpected higher sensitivity. 

Without wishing to be bound by any particular theory of operability. the reason for the unexoected 
sensitivity may be due to the formation of a network of non-specific nucleic acid hybrids bound to the 
specific hybrid, thus amplifying the amount of the signal. As has been shown in a typical examoie. a 19 
nucleotide long specific sequence containing plasmtd is immobilized and' hybridized with 5 microgram 
30 equivalent of a test sample which is labeled photochemically and one detects very easily the signal resulted 
from such hybrid. This could not have been accomplished by any other technique because of the problems 
. associated with the labeling method. 

The present invention relates to a novel hydridization technique where pra fre_s_are immobilized and an 
eukaryotic nucleic acid sample is labeled and hybridized with immobilized unlabeled probe. A surprising 
js characteristic of the invention is the ability to detect simple or multiple copy gene defects by labeling the 
test sample. Since there is no requirement for an excess of labeled hybridizing sequence, the oresent 
method is more specific In the present invention, simultaneous detection of different gene defects can be 
— - easily carried out by immobilizing specific p robes. 

For example, using the present invention, one can immobilize oligonucleotide orcbes specific for 
*o genetic defects related to hemoglobinopathies, such as sickle ceil anemia and aipha-maiassemias on a 
sheet of nitrocellulose paper, label the test samp!*; ana hybridize the labeled test sample with the 
immobilized probes. It is surprising that partially purified cr unpunfied nucleic acio samoies (cell lysate or 
whole cell) can be photochemically labeled with sensitive mciecuies without affecting the soeofic 
hybridizability. 

45 The oligonucleotide can be cfoned in cloning vectors, e g.. M 13. PUC 19 and PBR anc accordingly the 

vector containing the oligonucleotide acts as the orobe. 

The present invention is also directed to detecting eukarovtes iprotists) m samoies from higher 
organisms, such as animals or humans. 



Eukaryotic sequences according to the present invention includes all disease seouences except for 
bacteria and viruses. Accordingly, genetic diseases, for example, would also be embraced bv the present 
invention. Non-limiting examples of such genetic diseases are as follows: 
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Area Affected 
Metabolism 



Nervous System 



Blood 



Dl seases 

Acute intermittent porphyria 

Variegate porphyria 

alpha 1 -antitrypsin deficiency 

Cystic fibrosis 

Phenylketonuria 

Tay-Sachs disease 

Mucopolysaccharidosis I 

Mucopolysaccharidosis II 

Galactosaemia 

Homocystinuria 

Cystinuria 

Metachromic leucody y trophy 

Huntington's chorea 
Neurofibromatosis 
Myotonic dystrophy 
Tuberous sclerosis 
Neurogenic muscular atrophies 

SicJcle-cell anaemia 
Beta-thalassaemia 
Congenital spherocytosis 
Haemophilia A 
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Bowel 



Polyposis 



Kidney 
Eyes 



Polycystic disease 

Dominant blindness 
Retinoblastoma 



Ears 



Dominant early childhood deafness 
Dominant otosclerosis 



Circulation 



Monogenic hypercholesterolemia 



Blood 



Congenital spherocytosis 



Teeth 



Dent inogeni sis imperfecta 
Amelogenisis imperfecta 



Skeleton 



Skin 



Diaphysial aclasia 
Thanatophoric dwarfism 
Osteogenes imperfecta 
Marfan syndrome 
Achondroplasia 
Ehlers-Danlos syndrome 
Osteopetrosis tarda 
Cleft lip/palate 
Ichthyosis 



Locomotor 



Muscular dystrophy 



A nucleic acid probe m accordance with the present invention is a seauence which can determine the 
sequence of a test sample. The probes are usually ON A. RNA. mixed cooolymers of ribo-and deox- 
yribonucleic acids, oligonucleotides containing ribonucleotides or deoxy ribonucleotide residues or their 
modified forms. The sequence of such a probe should be complementary to the test sequence. The extent 
of complementary properties will determine the stability of the double helix formed after hybrioization. The 
probe can also have covaiently linked non-com ptementary nucleic acids. They can serve as the sites of the 
labeling reaction. 

The nucleic acid is preferably labeled by means of photochemistry, employing a photoreactive ON A- 
binding furocoumarin or a phenanthridine compound to link the nucleic acid to a label which can be "read" 
or assayed in conventional manner, including fluorescence detection. 

One use of the present invention is the identification of bactenal species in biological fluids. In one 
application, samples of urine from subjects having or suspected of having urinary ttact infections can 
provide material for the preparation of labeled ONA(s) or RNAs. while a solid support strip, e.g.. made of 
nitrocellulose or nylon, can contain individual dots or spots of known amounts of denatured purified DNA 
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from each of the several bacteria likely to be responsible fcr infection. 

The format of labeled unknown and unlabeled orobes. which -s the converse cf s-andard schemes 
allows one to identify among the number of possibilities the SDecies of organism in a samole with only a 
single 'abeling. it also allows simultaneous determination of the oresence of mere than cistmguishabie 
bacterial species in a samole (assuming no DNA in a mixture is discriminated aga.rz: »n ;he labeimg 
procedure). However, it does not allow m a simple way. better than an estimate of the amount of DNA (and. 
therefore, the concentration of bacteria* m a mixed sample. For such quantitation, sample ONA is 
immobilized in a series of dilution spots along w.th spots of standard DNA. and orobe DNAs are tabeied. 

A unnary tract infection is almost always due to monoclonal growth of one of the ? ci!owing half dozen 
kinds of microorganism: Escherichia coli <60-90% of UTi). Proteus spp. (5-20% of i'7-j. Klebsiella sop (3- 
10% of UTt). Staphylococcus spp. (4-20% o* UTt). Streptococcus spp {2-5% oi UTi) Pseudompnas and 
some other gram negative rods together account tor a low percentage of UTI. A common contaminant of 
urtne samples that is a marker of improper sample collection is Lactobacillus . 

The concentration of bacteria in a urtne sample that defines an infection is about 10' cer mtiiihtei 

The format for an unlabeled probe hybridization system applicable to urinary tract infections «s to have 
a matrix of DNAs from th*» above list of species, denatured and immobilized on a support such as 
nitrocellulose, and m a range of amounts appropriate for concentrations of bactenai DNAs that can be 
expect in samplos of labelled unknown. 

Standard hybr-dization w»th biotinylated whole genome DNA probes takes place m 5-*0 mi at a probe 
concentration o* about 0 1 L.g.mf: hybridization o* probe to a spot containing about to ' : denatured DNA is 
readily detectable. There is about 5 fg of DNA per bacterial ceil, so that f or a sample to contain i ug of 
labeled DNA. it is necessary to collect ? » t0' bacteria. If an infection produces urine having approximately 
10* bacteria/ml. then bacterial ONA to be labeled »rom a sample is concentrated from 2C00 ml II more than 
10 no, unlabeled probe DNA is immobilized m a dot. for e*amo!e. 1 00 ng or t u.g. o» the hybridization 
volume is reduced, then the volume of urine reauired tor the preparation of labeled unknown «s approxi- 
mately a tew tenths of a ml. 

A strip of dots cpntatning immobilized, denatured, uniabeiled orobe DNAs ccuir: have the following 
configuration: 



35 



Escherichia 

Proteus 

Klebsiella 

Staphylococcus 

Streptococcus 

Pseudomonas 

Lactobacillus 



1 po 
o 
o 
o 
o 
o 
o 
o 



10 ng 
o 
o 
o 
o 
o 
o 
o 



100 pg 
o 
o 
o 
o 
o 
o 
o 



This procedure involves the labeling of DNA or RNA m a crude cell lysate. ideally, preparation of 
45 labeled sample DNA or RNA wii» accommodate the following points 

(1) bacteria will be concentrated from a fluid sample by centrilugation or filtration: 

(2) bacteria will be lysed under cenditions sufficient to release nucleic acids from the most refractory 
of the organisms ot interest: 

(3) the labeling protocol will not require purification of labeled nucleic acids from unincorporated 
so precursors, nor the purification of nucleic acids pripr to labeling; 

(4) the labeling protocol will be sufficiently specific 'ot DNA and or RNA that proteins, lipids and 
polysaccharides in the preparation will not interfere with hybridization nor read-out. 

In the present invention, there is provided a method for efficiently and rapidly lysmg whole cells, 
including Gram positive bacteria. The method involves contacting cells, e g.. whole cells, with an alkali, e.g.. 
55 sodium or potassium hydroxide solution in a cencentration of 0.1 to 1.6 Normal. 

The important features of the present lysis protocol are its relative simplicity and speed it employes a 
common chemical that requires no special storage conditions and it lyses even Gram positive organisms 
with high efficiency, while preserving the properties of the DNA that are important fc subsequent steps in 
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the photochem.cal labeling process 

jrjttzztt zzr: s:rr n sys,em - be a — - — - 

appropriate .mall volumes of native ONA HH! - ^ S ' m0 ' V P ' 503,e0 by c '° e "'"9 

"eating ,he sheet on a sodium H v ZZTsoZ,^^T * *" n,,r0Ce " u '° s * or ny (0 n $hee ? 

solution, men ba„,n g me sheet to fix he ONA Be. ^OnTdn ^ °' """^ ,he Sheet a neu " a '-9 
w.th a solution mat mh.bits non-speofic b.ndinc ol^n^T h *» n *»«w. :he sheet „ usua.iy treated 

The invention win be further described ,n h m 0NA «"«"<) hybr-d.zanon. 
weigh, unless otherw.se expressed """^ r,on -" m " i "9 "«™ies wherein pans are bv 
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Examples 

g^ampje jj Preparation of Labeling Compound 

(O l.t^diamino der.vatle o 3 6 9 tl f s "^"heptadecane -as preoared 

«. —no. ,7.bio„n y a r, d o ™z^7^:?^ e r Drepa,M 

e or J_9.iz.i5 oentaoxaheptadecane was crepared. 

a^Iffip^^m^s^^n,. . r _^ 

(3 9 .3 T 6 ; l^Xr^T^J^TZ^T 1 ' a ' 77 ™ " 64 - " — famine 
.Pluenesulfony. C h,onde <0.389 mo.) in 400 m 0 ^ ^ a 0 ZT^T * S °' U,i ° n CCn,a ' n ' nQ 73 91 * °' 
then stirred ,or one hour at O'C and then heaTed o mh ' . 7 ° U ' ° e "° d The reac,i °" m »«"° -as 

filtered and the filtrate was concern^ Tn vaoul rT ° mB °'ature tor 44 hours. The mixture was then 

Analysis: Calculated for C w H w O..S, 
Calc: 
C. 52.87: H. 6.48. 
found: 

Preparation p, t.17-Diphthalimirln..^ fi o „ ,c. .....„„, , 

170-C tor 2 hours and was then coolW to room .J^tJ T' °' ^"'"Wacetarmde was heated at ISO- 

white powder was dried a, S5-C (0 . mm, 0 vie 7d f„ 1h , V T"* a " d ace,on ° "^Siting 

combined yield of product wa, 62 82 q^68% 9 7 9 °' er0dUC * m0 '**'*-S-C. The 

Analysis: (For first crop) 

Calculated for C„H„N,o..t.2H,o 
Calc: 

C 61.19: H. 6.05: N. 5.09. 
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found: 

C. 61.08: H 6 15. N. 5 05. 
(For second crop) 

Calculated tot C-,H- ? N ; 0. 
Calc: 

C. 62 21; H. 5 97. N. 5 18. 
found: 

C. 61.78; H. 6.15: N. 5 »3. 
PMR: (60 MHz. dmso-d*> h 3.5 



s. 8H); 3.6 is. 8H): 3 8 (bt. J = 3H 2 . 8H>: 8.1 (s. 8H). 



IR: (KBr)crn"' 2890. 1785. 1730. 1*00. *100. 735. 



Example He): Preparation oj * . i 7-Dtamino-3.6.9. ) 2. 1 5«Pentao*aneptadecane 

A solution containing 60 g of 1 . 1 7-diphthaiimido-3.6.9.l 2.1 5-oentaoxaheotaaecane (O.118 moh. i*.8 g of 
hydrazine hydrate (0 296 moh. and 500 ml of ethanol were heated w»th mechanical stirring m a 100'C 0»l 
oath for three hours. The mixture was then cooled and filtered. The resultant filter cake was washed four 
times wit* 300 mi portions of ethanol. The combined filtrates were concentred to yield 32 35 g of a yellow 
apaque glassy oil. The evaporative distillation at 150-200°C (0.01 mm) gave 22.82 g of a ;ight yellow oil 
(69% yield), lit. b.p. 1 75-177 (0 07 mm). 

PMR: (60 MHz. CDCU) 8 : 1 77 (s. 4H. NH,): 2 85 (t. J = 5Hz. 4H): 3.53 (t. J = 5H 2 . 4H\; 3 67 im. 16H) 
IR: (CHCI,) cm"': 3640. 3360. 2860. 164C. 1585. 1460. 1350. 1250. 1100. 945. 920. 870. 
Mass Spectrum. (El) m/e = 281 2 <0. i °'o. M ♦ 1 ). 

(FAB) m/e = 281 2 (100% M * u 
Analysis: For C,H„N,<Xl 2 H,0 

Cafe: 

C.49.80. H. 10.10: N. 9.68. 
found: 

C. 50.36; H. 9.58: N. 9 38 

l iterature Reference. W Kern S. iwaoacni, H. Sato and V. Bohmer. Makrpl. Chem. . i80 . 2539 (1979). 

Example Kd): Preparation of i - Amino- 1 7-N-<Biotinyiamido>-3.6,9. i 2. 1 5-pentaoxaheotadecane 

A solution containing 7 2 g of i i 7~diammo-3.6.9.l2. 1 5-oentaoxaheotadecane (25 mmol) m 75 ml of 
OMF under an argon atmosphere was treated with 3.4 1 g of N-succmimtdyi biotin (10 mmol) added in 
portions over i 0 hour. The resulting solution was stirred for four hours at ambient temperature. TIC t'SiO«, 
70:10.1 CHCL,-CH,OH-conc. NH. OH) visualized by dimethyiaminocinnamaidehyde spray reagent showed 
excellent conversion to a new oroduct (Rf = 0-18). The reaction mixture was divided in half and each halt 
was absorbed onto SiO, and Hash-chromatographed on 500 g of SiO,-60 (230-400 mesh, using a 70: 10.1 
CHCt,-CH,OH-conc. NH.OH solvent mixture. Fractions containing the product were polled and concentrated 
to a yield 2.42 g of a gelatinous. *axy solid The product was precipitated as a solid from »sopropano»-ethef. 
washed with hexane. and dried at 55 'C (0.1 mm) to give i 761 g of a white powder (35% yield). 
Analysis: Calculated for Ct,H.,n # O.S.3'2 h,0: 

C. 49.51. H. 8.50: N. 10 49. 

found: 

C. 49.59. H. 8.13: N. 10.39. 
PMR: (90 MH2, dmso-d.) & 1 . 1 - 1 7 (m. 6H) : 2 05 <t. J - 7Hz. 2HV. 

2.62 (t. J = 4Hz. 1H): 2.74 (t. J = 4Hz. 1H); 3 0-3-4 (m. 14H) 

3.50 (s. 14H). 4 14 <m. 1H); 4 30 (m. iH): 6.35 (d. J = 4Hz. iH): 7 80 (m. 1H). 
CMR: (22.5 MHz. dmso-d.) b : 25 2. 28 0. 28 2. 35.1 . 40.6. 55 3. 59.2. 61-1. 69 6. 69.8. 71.2. 162.7. 172 1. 
IR: (KBR) cm"*: 2900. 2850. 1690. 1640. 15B0. 1540. 1450. 1100. 
Mass Spectrum (FAB) m/e: 507.3 (M ♦ t . 56%) 
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Example 2. Preparation cf 4--Biotinyi-PEG-4.5'-dimethvtangeHcin 

A solution of 203 mg of 1 -ammo-1 7-N-'biotmylamidoi-3.6.9. l 2.1 5-oentaoxaheotaaecare (0 4 mmol) in t 
ml of OMF under an argcn atmosphere was treated win 78 mg cf N.N-carbonyidimidazoie (0.48 mmoD. The 

5 resulting mixiure was stirred for four hours and was ^en treated with 55 mg of 4 -amtnomethyi-4.5'd»meth- 
yiingeMcin hydrochionoe (0.2 mmol), 140 ui of diisccrooylethyiamme. and 100 ul of OMF. The resulting 
mixture was stirred overnight at 50 - C. The mixture was then evaporated onto SiO, in vacuo and the 
resultant impregnated solid flash was chromatograched on 60 g of SiO, (230-400 mesh) eluted with 1.5 
liters of 7% CH,.CHCt, followed by 1 titer of 10% CH,OH-CHClt. Fractions contain^ the product were 

to pooled and concentrated to yield 72 mg of a glassy solid (47% yield). 

PMR: (90 MHz. dmso-d,): 5 1.1-1.8 (m. 6H); 2.04 fbt. J = 7Hz. 2H>: 2.5 (s. 6H): 2.56 (m. 1H); 2.74 (bd. 
J = 4Hz. 1H); 2.8-3.4 (m. 14H): 3.40 (m. 14HV 4.14 (m. 1H); 4.25 (m. 1H): 4.40 (bd, J=6H*. 2H): 6.5 (m. 1 H>: 
6.35 (S, 1H): 7.02 (s. 1H): 7.45 (d. J = 8Hz. 1H); 7 62 (d. J = 8Hz. 1H): 7 80 (m. 1 H>. 

CMR: (22.5 MHz. dmso-d,) 4 ; 1 1.9. 18.9. 25 3. 28.2 28.3. 33.4. 35.2. 55.4. 59.2. 6i 0. 69 2. 69 6. 69.8. 70.0. 
is 89.0. 107.8. 112.0. 113.1, 114.3. 120.6. 121 6. 1536. 154.4. 155 6. 157.9. 159.5. 162.7. 172.1. 

Literature Reference: F. DaM'Acaua. D. Vedaidi. S. Caffien. A. Guiotto. P Rodightero. F. Bac~:chetti. F. 
Cartassare and F. Bcrdin. J. Med. Chem.. 24. 178 d99i). 



20 Example 3. Colorimetric or Chemiluminescent Oetecnon of the Nucleic Acid Hybrtds 

Example 3(a): Colonmetric Detection 

Cotorimetnc detection of the biotinyiated hybrids is earned out following the procedure and kit 
25 developed by Bethesda Research Laboratories (BRLK Gaithersburg. Maryland 20877. U.S.A. The crocedure 
is described in detail in a manual supplied with a kit by BRL. entitled "Products for Nucleic Aoc Detection'. 
"DNA Detection System Instruction Manual*. Catalogue No. 8239SA. 



30 Exampfe 3(b): Chemiluminescent Detection 

Chemiluminescent detection of the biotinyiated hybrids is identical to the above method: the filters with 
the hybrids are saturated with BSA (bovine serum albumin) by immersing the paper in 3% BSA at 42*C for 
20 minutes. Excess BSA is removed by taking the oaper out of the container, and blotting it between two 

J5 pieces of filter paper. The paper is then incubated in a solution containing Streptavtdm (0.25 mg ml. 3.0 ml 
totaJ voiume). for 20 minutes at room temperature. It is then washed three times with a buffer containing 0.1 
M Tris-HCI. pH 7.5. 0.1 M NaCI. 2 mM MgCU. 0 05% "TRITON X-100". Next the filter is incubated with 
biotinyiated horseradish peroxidase (0.10 mg/ml) for 15 minutes at room temperature. This is followed by 
three washings with 0.1 M Tris-HCt. pH 7.5. 0.1 M NaCI. 2 mM MgCI, and 0.05% Triton X-100. and one 

40 washing with i0 mM Tris (pH 8.0) buffer. Chemiluminescent activation is conducted »n two ways. (D Spots 
are punched out and the discs containing the DNA are placed in a microtiter plate with wells that are 
painted black on the sides. After the punched paper circles are placed m the microtitef plate wells. 0.8 ml 
buffer containing 40 mM Tris and 40 mM ammonium acetate <pH 8.1) is added to each well. Then 10 til of 
1:1 mixture of 39 mM Lummol (in OMR and 30 mM H t O, (in water) is added. Light emission is recorded on 

45 a "POLAROID" instant film by exposing it directly in the film holder. Alternatively <2). the paper is soaked m 
a solution containing 1:1 mixture of 0.5 mM Lummol and H,0, and wrapped with a transparent "SARAN 
WRAP". Ti,t* light emission is recorded on a "POLAROID* film as above. 



so Example 4: General Method of Labeling the Test Sample Nucleic Acids 

High molecular weight DNA from a patient's sample is isolated by a method described in U.S. P. 
4.395.486 (Wilson et al). the entire contents of which are incorporated by reference herein. The nucleic ac«d 
is dissolved in 10 mM borate buffer (pH 8.0) to a final concentration of approximately 20 ug mi To the 
55 nucleic acid solution "angelicin-peg-biotin" in aqueous solution is added to a final concentration of i0 
ug/ml. The mixture is then irradiated at long wavelength irradiation for about 60 minutes using a black ray 
UVL 56 lamp. The product is ready for hybridization without purification. However, the product can be 
purified by dialysis or alcohol precipitation iU.S.P. 4.395.486) as is usually followed for nude»c acids. 



899 



17 



88258877 




0 281 927 



Instead of nucietc ac»ds. whole ceil lysate can a'so be Jabeied following an identical orocecure. The 
lysis is conducted by boding ihe cells with 0.1 N sodium hydroxide, followed by neutralization with 
hydrochloric acid. 

When whole cells are usee, the mixture of "PEG-ang-cio" and cells are incubated 'or at :< ?ast 60 
minutes prior to irradiation for e^'oent transport of the :«canos. Many c»Herent variations of the aoove 
described methods can be adopted for iabe*mg. 



Alpha-thalassemia ir* associated with gene deletion. The detection of gene oe!etion by hybndizatico m a 
dot/slot blot formal requires that the total amount of sample and its hybndizabHity are accurately Vnown. 
Since the beta-globin gene is a single copy gene, simultaneous hybridisation of a sample with beta-globin 
and alpha-globin and their relative amounts will indicate the amount of aloha-cjlobin with the sample. 

The format and hybridization conditions are the same as Rutin and Kan. supra , except probes, not test 
DNA. is immobilized. Hybridization conditions are also similar. The detection »s done by using the E?RL kit 
described supra following BRL's specifications. 

tk._. hyhf dization detection process are conducted -n three steps as '-Mows: 



Step 1 : Immobilization of the Probes 

As described in Rubin and Kan. supra , i 5 Kb Psti fragment containing alpha, giob»n gene is used as a 
probe for alpha-thalasserma and for the beta-globm gene a 737 base pair probe produced by the digestion 
of pBR beta Pst (4.4 kb> is used. The beta-globin gene probe has been described m US P 4.395.486 
(column 4). For the detection of gene deletion related to alpha-thalassemta. the amount of starting nucleic 
acid, hybridization efficiency and control samples are needed. The present inventien avoids these propiems 
by simultaneous hybridization with a single copy essentia' gene le g.. beta-giob»n genet when similar 
amounts of probes are immobilized side by side, labeled sampie ts hybridized, relative strength of signal 
intensity is a measure of relative amount of gene dosage present m the sample. 

The probes (0.5. 1. 3 and 5 ug per 100 ul) are suspended in 10 mM tris HO (pH 7> buffer, denatured 
with 20 ul 3 M sodium hydroxide, at 100°C. for 5 minutes, an equivalent volume of 2 M ammonium 
acetate. pH S.ff is added to neutralize the solution, immediately after neutralization the probes for bera-and 
alpha-globin genes are applied m parallel rows to nitrocellulose filter paper under vacuum in a sict blot 
manifold, purchased from Sc»eicher and Schueil. (Keene. New Hampshire. U.S.A.). The filter is then dried in 
vacuum at 80*C for 60 minutes It is then prehybridized for 4 hours m a mixture containing 50 mM sodium 
phosphate (pH 7) 45 mM sodium citrate. 450 mM sodium cnionde. 50% (v v) lormamide 0 ?.°* eacn (w v> 
of polyvinyl pyrrolidine. "FlCOLL 400" and bovine serum albumin and 0.2 mg.ml alkali boiled salmon soerm 
DNA and 0.15 mg-ml yeast RN A 



Step 2: Labeiinq of the Test Sample 
This was described above. 



Step 3: H ybridizaticn 

The nitrocellulose strip containing the immobilized probes are hybridized wiih the labeled test sample ii 
plastic bags (e.g., "SEAL-A-MEAl*. "SEAL and SAVE*, etc.i Hybridization solution is the same as 
prehybridization solution plus 10% dextran sulphate. Hybridizatipn is done at 42 *C 'or 16 hours. After 
hybridization detection of btotin is conducted with a kit and procedure supplied by Bethesda Research 
Laboratory. Maryland. U.S.A.. {catalogue No 8239SA). Results of relative intensity of aipha-and beta-regions 
are used to estimate the extent of deletion of aipha-giobm genes: 

No signal on the alpha-globin side: all 4 alpha-gtpbm genes missing. 

Signal on the atpha-giobm side is half as strong as on the corresponding beta*side: 3 aipna-giobm ^enes 



Example 5. 
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missing. 

Signals on aloha and beta side eauivalent: 2 alpha-giobin genes missing. 
Signals on aloha side is stronger man the ccrresDonding beta side (2 aloha 
gene missing. 



3 beta*: : aloha-globin 



Example 6: Immobilization of an Oligonucleotide Sequence Soectfic for Hemoglobin Mutation 



It is known that an oligonucleotide cannot be easily immobilized onto nitrocellulose paper by a simple 
adsorption process. The present invention encompasses three different rr.clhods to incorporate an 
oligonucleotide sequence into a larger molecule caoable of adsorption. 



Method V 

Two oligonucleotides, one a «*3mer and the other a 16-mer. have been chemically synthesized in an 
automated synthesizer (Applied Biosystem 380B) by the phosohoramtdite-method and phosphcryiated at 
the 5 end by a T4-polynucleotide kinase mediated process according to Maniatis et al. Molecular Cloning , 
page 122. These oligonuci: otides contain a segment of a 19 nucleotide long seque ze specific tor the 

so detection of the mutation associated with sickle cell anemia. 

43mer A & S {A = normal globin gene: S = sickle globin gene I were kinased according to Maniatis et 
a,t Mo!e c u *a r Cloning , page 122. m two separate reactions, namely, one with -*P-ATP and one with no 
radioactive label. 0.4 ug 2i P-43mer and 0 6 mg cold 43mer were mixed and purified on a spun column (G* 
25med in TE (Tris EDTA buffer)) to a final volume of 40 ul. Two dilutions were sootted on S & S 

75 (Schleicher & Schueil) nitrocellulose and nytran (nylon) membranes at 50 and 0. 5 ng. 
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Method 2: 



The phosphoryiated oligonucleotide products of method 1 were further elontpted by making muitimers 
of sequences by a ligase mediated process. The pnnctoie is described as follows. 



(X) 



20 



5' 3' 

ligase 

(X) 



75 



strand separation 



5 % 



(X) 



The product being of a higher molecular weight than an oligonucleotide it should be »mmobiiizable by 
adsorption on to a nitrocellulose paper. 

Aqueous solutions containing 4ug of ^P43mer and 3.7 ug i6mer linker (X) were mixed and dried under 
vacuum. 6 mg of cold kinased 43mer was added and the sample was heated to 55 °C and ccoled slowly to 
43 0 # C to anneal. Ligation was earned out in 20 ul total reaction volume with 800 units of ligase (Pharmacia) at 
15 # C for 4 hours. 1 mg (2 ul) was purified on a spun column <G-25med »n TE) to a final volume of 40 ul. 
Two diluWns were spotted on nitrocellulose nylon membranes at 50 and 0.5 ng. 



50 Method 3: 

The same as method 2. but ligation was not conducted. Instead of ligation, cross linking was conducted 
with an intercaJator to keep the double stranded regions intact. Hence, the cross linked molecule will have 
several oligonucleotide sequences covalentfy linked to each other. 
55 2 ug of »P43mer (for sequence P-50) was added to 2.9 mg of a I6mer (for sequence P-50) linker and 

purified on a spun column (G25med in TE) to a final volume of 40 ul. 6 mg of kinased 43mer was added 
and the samples were heated to S5 9 C and cooled slowly to 0*C to anneal. 25 ul of intercalation compound 
amirwrnethyrtnoxsalen was added and the sample was irradiated for 30 minutes on ice in 500 ul total 10 
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mM borate buHer pH 8.2 with a Jong wave UV lamp mode* (UVL-21, X = 366 nM). 

The probes modified by all three methods were then immcortized on to n«troc?tMose and nylon oaper 
and hybridized wir. labelled oligonucleotides. The results indicate that the seoue^c? are immubmzabie and 
hybridization ftcJehty remains intact. 

Two dilutions c-i the products of methods i to 3 were sootted on nitrocellulose and nyion membranes at 
50 and 0.5 ngs. 

Whole tilters wve baked tor 30 minutes in 80" C vacuum oven and prehybr-cized in cicrto (5°o nonfat 
dry milk. 6XSSC, <?C mM Na-pyrophosphate) for 30 minutes m 50°C oven. 

Hybridization -/gs earned out with primer extended 19'A & t9S' probes at F^'C 'or one hour (3 
strips probe). 

Filters were s-.rtngentiy wasned for 15 minutes at room temperature »n 6XSSC with slight agnation and 2 
x 10 minutes at 57 ■ C. 

Air-dried filter* were place on Whatman paper and autorad»cgraphed at -70 °C overnight. 
The results presented m Fig. t surprisingly indicate specific hybridization are cbtaineo Pv immobilizing 
oligonucleotide probes. 



Example 7: Hybridation with labeled genomic QNA for Nor Radioactive (Detection 

Human norma! genomic (XX) DNA was photoiabeled with "b«ot»n.PEG-angelicm" (BPA* m to mM borate 
buHer pH 82 at a weight ratio of 0.3 to 1 (BPA DNA) for 15 minutes on ice with a long wave UV lamp model 
UVL-21. x = 366 nm. No purification is necessary. 

Target ONA oligonucleotides were directly immobilized on S 4 S nitrocellulose in t ui aHouots at the 
following concentration, and then baked m an 80 "C vacuum oven for 30 minutes. The amounts of the 
different immobilized probes are as follows: 
43-mer (A) - Kinased (method M. 



43-mer (A) 200 ng 
43-mer (S) • Kinased (method 1) 
43-mer <S) 200 ng 
20 M1319ASS 50 ng 
M1319SSS 50 ng 
Ml 3737 Ass 50 ng 

BRL Commercially biotinylaied ONA 
PUC19 50 ng 



200 ng 
200 ng 



200 pg 



4 3-merA: 5 * GGAT-AAT,CTCCTg£gGAGAAGTCT 
GCT 4 AATCTTAA 3 • 



♦ «T for 43-mer S 

16-mer (Ccmnon to both A and S) 

3 f - TTAGAATTCCTAAATT-5 1 



Filters were prehybridized in blotto (5% nonfat dry milk. 6XSSC. 20 mM Na-pyrophosphate) for 30 
minutes in a 45 *C H,0 bath. 

All 4 strips were hybridized in 2 mis solution containing 2 ug labeled XX DNA containing normal beta- 
globtn gene (hybridization solution was blotto with 10% PEGl for 2 hours in 45° C in a H,0 bath. 

A stringency wash was carried out as follows: 

1 X 20* at room temperature in 6XSSC 

2 X 20/ at temperatures indicated in Fig. 2 with very little agitation. 

50 ml centrifuge tubes were used for elevated temperature washes. Results are shown in Fig. 2. 

Detection of biotin in the hybrid was carried out according to the Bethesda Research Laboratory. 
Bethesda. Maryland. U.S.A.. manual using their kit for biotin detection. The results indicated specific 
hybridization . 
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Example 8. immobilization of Whole Genor . As Probes 



Tens Ot milligram to gram amounts r 4 
harvested from fermentor cultures. Bacte . 
cultures grown m a New Brunswick S ~ 
suspension were lysed by exposure to ar 
acids were purified Irom proteins and lipids 
Bipj.. 3. 208-218. 196M. RNA was remove: 
solution with 0 2 mg.mi riponudease at 3~ 
two volumes of ethanoi Bacterial ONA reo 
mM Tris-HCI. pH 7 5 I mM Na f EDTA 
molecular size, then approximately t mi<;» 
nitrocellulose or nylon membranes 'or h 
(1979)). Denaturatron was accomplished i; 
denaturation the solution was neutralized, 
dried. 



'■ //ere prepared >n the following manner from bacterial cells 

■ye collected by centnfugation from \0 'iter nutrient broth 
Microferm Fermentor. Generally, cells »n concentrated 

-. detergent such as SDS (Na dodecyl sulfate), then nucleic 
?*traction with phenol and or chloroform (J. Marmur. X Mol. 

--m the nucieic acids preparation by treatment of the ONA 
^en DNA was precipitated from solution by the addition of 
,ed from the precipitate m a low salt ourter such as TE (10 
i characterized with respect to punty concentratipn ana 
»m aliquots were denatured and immobilized as spots on 
ration (Katatos et ai.. Nur; e ic Acids. Res. 7. 15*1-1 552. 
. ^sure of the DNA with acoroximate>v 0.1 N NaOH. After 
rhe membrane was rinsed m NaCl Tris-HCI. pH 7.5. and 



Example 9. Processing o{ a Test Sample Uy -!ar DNA Laoeling 

Samples of unne. for example (althouc" " following can eaually apoiy to suspensions of material form 
gonorrhea-suspect swabs, from meningitr: r°ct cerebrospinal fluid, from comammaticn-suspect water 
samples, etc.). are centrituged o* filtered lo -^h and concentrate any bacteria m the sample. The bacteria 
are then lysed by exposure to either <i) 2 ■• - nl iyS02yme or lysostaphtn then exposure to approximately 
90'C heat, (ii) 0.1 to t 6 N NaOH, or (III) i°> 13 dodecyl sulfate. After (ii) NaOH. the ceil lysate solution is 
neutralized before labelling; after (iii) deterq- -? ysts. DNA labelling is preceded by removal of the SDS with 
0 5 M K acetate on ice. Angeiicm should r-s 3ble to permeate intact cells so that DNA labeling can be 
accomplished before cell lysis. This in sjt«: ! abeling simplifies the extraction procedure, as alkaline or 
detergent lysates can be incorporated direct' / «nto a hybridization solution. 

Prior to hybridization, the labeled samr *• »s denatured, and it should also preferably, bo reduced, to 
short sinqie stranded lengths to facilitate ?cif»c annealing with the appropriate unlabeled probe DNA. 
Methods" Of denaturation are known in the t. These methods include treatment with sodium hydroxide, 
organic solvent, heating, acid treatment ani :?mbinations thereof. Fragmentation can be accomplished in a 
controlled way be heating the DNA to approximately 80*C in NaOH for a determined length of time, and 
this, of course, also denatures the DNA. 



Example IQ. Labeling of the Pioducts of Example 9 

(i) A tost sample of about i0mi urine will contain 10* or more infectious agents. After separation by 
centntugatior. and washing, the pretreated cell lysate (step 2) was resuspended in 0.2 ml 10 mM sodium 
borate buffer (pH approximately 8>. To this suspension. 10 u.g of photoiabeiiing reagent dissolved in ethanoi 
(10 mg/ml). was added and mixed by shaking on a vortex mixer The mixture was then irradiated at 365 nm 
tot 30 minutes with a UVGL 25 device at its Jong wavelength setting. The UVGL device is sold bv UVP Inc.. 
5100 Walnut Grove Avenue. PO Box 1501. San Gabriel. CA 917T8. U.S.A. 

(ii) The sample was also labeled with N-<4-a2ido-2-nitrophenyi>-N*-<N-d-biotinyl-3-aminoorooyl>-N'- 
memyM.CWopanediamine (commercially available from BRESA. G.P O. Box 498: Adelaide. South Australia 
5001. Australia), following the procedure described by Forster et al (1985) . supra fpr DNA. 

(iii) When uniysed cells were used the cell suspension m 0.2 mi 10 mM borate was inc. ^ated with 
the photoreagent for i hour prior to irradiation. 



Example 1 1 . Hybridization of the Products of Examples 8 and |0 

Prior to hybridization, the membrane with spots of denatured unlabeled probe DNA was treated for up 
to 2 hours with a "prehybrtdizatipn" solution to block sites m the membrane »tsetl that could bind the 
hybridization probe. This and the hybridization solution, which also contained denatured labeled sample 
ONA. was comprised of approximately 0.9 M Na*. 0 1% SDS. 0.1-5% bovine serum aibumm cr nonfat dry 
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milk, and optionally formamide. With 50% formamide. the prehybnduation \ 
done at approximately 42"C: without, the temperature was approximately 68 '■ 
can be stored for sone time. ONA hybridization was allowed to occur for at: 
unbound labeled DNA was washed from the memorane under conditions suc^ 
0.t% SOS. 68*C. that dissociate poorly base paired hybrids. After posthybnc ■ 
was rinsed in a low salt solution without detergent in anticipation of hybndizai.c 



■: Hybridization steps were 
•^ehybridized membranes 
i0 minutes or more, then 

. 0.018 M Na~ (0.1 x SSC». 
•r. washes, the membrane 

'-section procedures. 



Example 12: Detection of a Nucleic Acid Hybrid with immunpgoid 

Affinity isolated goat antibiotin antibody (purchased from Zymed laborate San Francisco. California. 

U.S.A.) was adsorbed onto colloidal gold (20 nm> following the method desc by its supplier (Janssen 
instruction booklet. Janssen Life Sciences Products. Piscataway. New Jerr.?. . U.S.A.) and reacted with 
hybridized biotinylated ONA after blocking as in a colorimetnc method. The - • :nals were silver enhanced 
using a Janssen (B2340 BEERSE. Belgium) silver enhancement kit and orotccc'. 



Example 13: Detection of Urinary Tract Infection in a Urine Sample 

Urine samples were collected from a hospital where they were analyze : :v microbiological methods 
and the results were kept secret until the hybridization diagnosis was conduce Then they wera compared 
ascertain the validity of the hybridization results. 

1 ml of clinical sample (urine) suspected of UTt infection was cenir : 
centrifuge for 5 minutes. Then 0.1 ml of 1.2 N sodium hydroxide was added a-. 
to 100* C to fyse the cells. The suspension was then diluted to 1 mi with 10 n-' 
and was neutralized with hydrochiorine acid to a pH of 7. To the solution. 50 u 
Example 2) is added and the mixture was irradiated with a UVU 56 lone 
minutes. The irradiated sample (0.1 ml) was added to 3 ml 3XSSC of 5% ncr.i: 



ced in a Brinkman micro 
•he suspension was heated 
1 sodium borate buffer pH 8 
'biotin-PEG-angeHcin" (see 
avelength UV lamp for t5 
-ry milk 10% PEG with 0.2 



M sodium pyrophosphate and hybridization was conditio*, with probes (whoto genomic 0NA1 immobilized 
onto nitrocellulose paper at 68*C for 5 minutes to overnight. After hybridization detection was conducted 
according to Examples 3 or 12, the spots or the photographs were visually interpreted for the presence of 
specific bacteria in the test sample. A spot of human ONA was also present n the nitrocellulose paper for 
the detection of leucocytes. The presence of leucocytes was further verified w.rn a common method using 
"LEUKOSTTX" (Miles Laboratories. Elkhart. Indiana. U.S.A.) . 

Typical results (Tables 1 and 2) indicate that the hybridization diagnosis produces similar results in a 
shorter time then the corresponding microbiological assays. The present invention not only provides 
information related to species identification, but also the leucocyte content m a clinical sample 
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TABLE 1 



DIAQJQGIS OF CLINICAL U.-ONE SAMPLES 



* HOSPITAL 
DIAGNOSIS 



APPLICANTS* HYBRIDir-TION 
RESULTS 



DETECTTCM 
SYSTEM 



NEG 
NEG 
NEG 
NEG 
NEG 
NEG 



NEG 

NEG 

NEG 
E.c.-M 
E.C.-VW 
E.C.-VW 



GOLD 

GOLD 

GOLD 

CHEMI 

GOLD 

GOLD 



S+, C- 

s+, c- 
s+, c- 
s+, c- 
s+, c- 
S+, c- 
s+, c- 
s+, c- 
s+, c- 
s+, c- 



NEG 
E.C.-S 
.C.-S, Kl.-M 

NEG 

NEG 

NEG 
E.C.-VW 

NEG 
E.C.-VW 

NEG 

NEG 



GOLD 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 



100,000/mL E.c. 
100,000/mL E.c. 
100,000/mL E.c. 
50,000/raL E.C. 
50,000/mL E.c. 

E. coll 

E. coli 

E. coli 
Ec coli /Klebsiella mix 
E. coli /Staph mix 



E.c.-S 
E.c.-S 
E.c.-W 
E.C.-M 
NEG 

E.C.— S, Kl.""M 
E.C.-VS, Kl.-S 
E.c.-S, Kl.-S 
E.c.-S, Kl.-W 
E.C— S, St.— M 



GOLD 

CHEMI 

GOLD 

CHEMI 

ar^n 

CHEMI 

CHEMI 

CHEMI 

GOLD 

CHEMI 
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* HOSPITAL 
DIAQ3QSIS 



TAPT-P i (Continued) 

Diagnosis of clinical urine samples 

APPLICANTS' HYBRIDIZATION 
RESULTS 



Klebsiella spp. 
100,000/mL K. prieumoniae 
Enterobacter spp. 
100,000 Candida 
100,000/mL Proteus 



E.c.-M, Kl.-W 
E.c.-W, Kl-VW 

NEG** 

NEG** 
Pr.-S, E.c.-W 



DETECTION 
S^ST>-M _ 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 



10,000/mL Strep NEG 
Mixture of 3 unidentified Gr\<+) NEG 



CHEMI 



* diagnosis conducted by streaking urine on an agar plate 
and treating the plate under conditions so that the 
infectious organism can grow. 

** Enterobacter /Candida probes not included in the 
hybridization assay, thereiwie, negative results are not 
surprising? given the high stringency conditions employed 
in the assay, cross-hybridization with species related to 
Enterobacter was not detected. 

Abbreviations: VS«very strong; S=strong? Mmedium; 
W«weaX; and VW«very weak hybridization signals; 
GOLD»detection method according to Example 12; 
CHEMI-chemiluminescent detection according to Example 
3(b) 

Applicants* hybridization results represent the result of a subjective interpretation of the intensity of the 
hybridization signals obtained after detection. DNAs from the organisms listed in column two are the only 
ones for which any hybridization signal was obtained. The panel of ONAs used for hybndization included §, 
coli CE.c") . Klebsiella pneumoniae CKi") . Proteus vulgaris ("PO . Pseudomonas aeruginosa. Staphy- 
lococcus epidermatis CSE") . Streptococcus faecalis and Homo sapiens . 
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'LEUKOSTIX' 
RESULT 



TABLE 2 

COMPARISON OF AMES LEUKOSTIX ASSAY 
WITH APPLICANT'S ASSAY 

APPLICANTS 1 HYBRIDIZATION 
RESULT 



3+ 
3 + 
3+ 
3 + 
3+ 
3 + 
3+ 
3 + 
3+ 
3 + 
3+ 



VS 
S 
S 
M 
M 
S 
S 

vs 

VS 

vs 
vs 



DETECTION 
SYSTEM 

GOLD 

CHEMI 

CHEMI 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 



2+ 
2 + 
2+ 
2 + 
2 + 
2 + 
2+ 
2 + 
2+ 



S 
S 
S 

s 
s 
s 
s 
s 
s 



CHEMI 

CHEMI 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 



1+ 
1 + 
1 + 

TRACE/ 1 - 

TRACE 

TRACE 

TRACE 

TRACE 



S 

vs 
vw 

M 

VS 
W 

w 
vs 



GOLD 

GOLD 

GOLD 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 



50 



55 



NEG 
NEG 
NEG 
NEG 
NEG 
NEG 
NEG 
NEG 
NEG 
NEG 



S 
S 
M 

vw 
vw 

NEG 
NEG 
W 
W 
W 



CHEMI 

CHEMI 

CHEMI 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 

GOLD 
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The hybridization results summarized «n column 2 of Table 2 represent subiective mteroretations of the 
intensity of hybridization signal obtained when labeled urine samples described in Table i were hybridized 
with genomic human DNA. 

The "LEUKOSTIX- assay is a coiorimetric reagent strio assay. Co'cr develooment on the reagent strip 
is compared to a chart provided with the assay reagent strips and ranges from negative fno color 
development) to 3 * (very strong color development) . 



to Example 14: Lysis of Cells 

A 1.0 mL aliquot of cell suspension was centrifuged and the cell pellet resusoended in 100 uL of 
unbuffered NaOH solution. The sample was then exposed to high temperature for a short time and then 
diluted to the original volume using 10 mM borate buffer. The pH of the solution was then adjusted to 
75 neutral with HCl. 

Table 4 shows the efficiency of lysis of two different Gram positive cocci. Staphylococcus epidermidis 
and Strep t ococcus fcecalis . at verying NaOH concentrations at either 68°C or lOO'C. In this Example, the 
absorbance of the 10 mL aliquots at 600 nm was recorded before centnfugation. After centnfuyation. the 
cell pellets were resuspendeu »n varying concentrations of NaOH (100 uL) and duplicate samples of each 

70 exposed to 68'C for 10 minutes or t00 # C for 5 minutes. Each sample was then diluted to 1.0 mL and the 
absorbance at 600 nm again recorded. Since the beginning and ending volumes are identical, the beginning 
and ending absorbance at 600 nm provides a direct measurement of lysis efficiency. 

Whereas Gram negative organisms lysed efficiently in as low as 0.1 N NaOH. Table 4 shows clearly 
that efficient lysis 'S a function of both NaOH concentration and temperature, such that higher NaOH 

n concentrations are required as the incubation temperature decreases. At 100*C (maximum temperature at 1 
atmosphere) a concentration of at least 1 .6 N NaOH was required for efficient lysis of S. epidermidis and S. 
faecalis . If lower temperatures are desirable or necessary, then higher concentrations of NaOH will be 
required to maintain lysis efficiency. 
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TABLE 3 



EFFICIENCY OF LYSIS OF GRAM POSITIVE BACTERIA 
AT VARIOUS CO<S>?TRATIONS OF NaOH AT 68°C and 100°C 

Streptococcus faecalis 



100°C/5 Minutes 



68°C/:o Minutes 



30 



[NaCH] 


CD600 FRE 


CO600 POST 


%LYSIS 


OD600 PRE 


OD600 POST 


tLYSIS 


0 N 


0.475 


0.366 


23 


0.512 


0.357 


30 


0-1 


.509 


.261 


50 


.513 


.238 


54 


0.2 


.512 


.194 


62 


.514 


.259 


50 


0.4 


.504 


.175 


65 


.513 


.150 


71 


0,8 


.506 


.113 


78 


.505 


.147 


71 


J, 2 


. 498 


.082 


84 


.498 


.150 


70 


l.b 


.487 


.061 


88 


.426 


.099 


77 






S taphy Icouccus 


epidermidis 








100°C/5 Minutes 




68°C/10 Minutes 


[NaOH] 


OD600 PRE 


OD600 POST 


%LYSIS 


CO600 PRE 


OD600 POST 


%LYSIS 


0 N 


0.667 


0.558 


16 


0.690 


0.560 


19 


0.1 


.685 


.396 


42 


.701 


.441 


37 


0.2 


.674 


.296 


60 


.699 


.414 


41 


0.4 


,699 


.183 


74. 


.730 


.309 


58 
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Example 15: Direct Labeling c» Nucleic Ac:ds in an infected Urine Samoie 



A set of conical unno test samcies was collected *rr.m i hosonai. t til ct unne was denositf»d m a 
polypropylene tube M S »r,i) Tn me urine »50 ! o* ft N-^ooium hydroxide solution :n water was added. The 
mixture was maintained m a noiimq water bath 'or ''«e mmutes. T he alkaline suspension was then 
transferred to anothe* tufcre containing 0.3 g of sol»d bone aod tor neutralisation The mixture was snaken 
well by hand lo' mixing and solubilization. To this mature to microgram of the ohotoiabeiinq reagent "bio- 
Pf£G-Ang" as used m bamoifl i0 o> was added HO microliter ot 1 mg ml in water). The mixture was then 
irradiated tor 60 mmutes using a hand held UV 'amp CJVL25) at a *>ng wavelength setting. The luoe was 
kept on ice during irradiation. 

A nilroceltuiose paper stno containing immobilized uniaoeied genomic ONA cobes (as used in Example 
8). 700 microliter mixture containing 5°« non-fat Ov miik. 10% polyethylene glycol (MW-6000V tOmM 
sodium pyrophosphate, alt in 3 ■ SSC and 300 u» labeled test samples were placed in a seat-a-meat bag. 
The bag was heat sealed. Hybridization was then conducted tor two hours at 68*C by incubating the sealed 
bag m a water bath 

After hybridisation, the nitrocellulose strip was washed at 68*C with 0i * SSC. 0i% SOS tor 30 
minutes. The unsaturated sites were then blocked by immersing the paper in 3°'o BSA solution m 0 t mM 
!ris. 0.1 M sodium chloride. 2 mM magnesium chloride for 30 minutes. The hybrid was then detected by 
either immunogo'd, or by chemtiummescence or bv the BRL method (see Examples 2. 3fa) or 3(bl). For 
every sample, the diagnosis was atso done by bacteriological growth methods. The results were then 
compared lor validity of the present method. 

it will be appreciated that the instant specification and claims are set forth by way of illustration and not 
limitation, and that various modifications and changes may be made without departing from the spint and 
scope of the present invention. 
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1 A method for de'ect.ng mi or.e Cr m 0 re micrcorcamsms cr ...) n liC e - acr- « C U€ l. 
proMaryot.c source or an eukaryouc source .n a r.uoe.c acc-.:oniain.rg :est sam C! , C = nVi S :«Q " 

<a) labeling the nucleic acids in the test samc-e. 

(bl contacting, unoer hytncJ.zat.cn con C .t»ons. the 'a>reieo hvbndizabie samde n ljC i e( c ao* ard one 
cr more .mmobihzeti probes hyDnd.zac.e nucie-c aod cemons.rg i» ere or more known m.crcorcTan^ms or 
^nucle.c acta seauences from eukaroyhc or prokaryot.c sources, to Jorm hybnd.zec 'aoeied nucW acids. 

(o assaying for rh Q hybridized nucleic acids by defected the label 
2. A method according ; 0 claim . wherein the :esf sample ,s a bedv Hurt selected from the group 
consisting of unne. blood, cerebrospinal fluid, ous. amniotic n u .d. :ears. scutum, sahva. lyno aspirate 

swab a samS 7 0e ~ SrC0 '' 3 hSSUe Sam0 ' 9 - 3 Sk ' r S "' b Sam °' e ' 3 !hf03f Swa ° samc,e and 3 ^mtai 

from 3 ste D meth ° d aCCOrdmg ? ° aOV 0< :!a,mS 1 lC 1 «™r.s.ng denaturing t* labeled nuc'e.c acds 

(a) <-) as 'cm labeled hypndizabie nuc'^ic ac-^ 
the i?£2T dCC ° rd ' nQ °' ' :la ' mS ' 3 Vhere ' n ™ ~ — **■ « "oe.«i oirect-y ,n 

5 A method according to any 01 c.a.ms . ,o 4. whereiP cells ,n -h e test sample a-e -vsoo ,n !;eo -a. and 
.hereafter a labeling reagent ,s added, whereby to label the n oc ie,c acd 

6. A method accord-ng ,o any of cla.ms t t0 5. ~he„n sa,d rn.cf00rgan.sms are selected from the 
Lac^ba C cm" ,,n9 ESChe " Ch ' a - P '™^ K '^' e " a - S.aohylococcus. St-eo.occccus. P,eudom 0 na S and 

or a ceH ST 3CCOr ° in ' 3 '° °' Z ' a ' mS ' '° 6 - where,n ,h9 labelin< 3 1S conoucted * a whole l.v.ng cel. 

w,malk A a,r em0d aCCOfd ' n9 '° 0nV °' : ' d,ms ' 10 7 wh *' e ' n !he «" "/sate „ oreoareo by con.acr.no a cel. 

,,n«l ffT°? 01 hyb " d '" ,ion c° m °"S'"g contacting r~o como.emen.ary hybntfaWa nuc-.c acds 
under hybr.dizat.on cond...on s . ai least one of which r.uc.e.c aodr ,s .mmob.l.zed. whe-em the hy O „ a , zatl0n 
is accelerated by the add.tion of oolyethyinne glycol e e n me yor.a.zation 

nrokl^n«r , !n ™ '°' ^''^ (i) °" e °' -coorgan.sms or .ii) nucleic aco seauences from a 

Orokaryotrc source or an eukaryouc source .n a nucleic aco-conta.n.ng ,es. samole comons.ng 

fa) a suooort sol.d conta.ning nybridizabie. e.g.. single-stranded, nucle.e acid, eg DMA or an 
ohgonuc.eot.de. of <•> said one or more known m.croorgan.sms or m sa.d seo,ences from eukarvot.c or 
prokaryo..c sourced .mmobi.ized thereon, eg., a «r. D coma.n.ng dots or soots of kn 0 „n m.croorgan.sms or 
eukar/otes or prokaryotes. v 

fb) a reagent for labeling the nucleic acid of -he test sample. 

(O a reagent for releasing and denaturing nuae.c acid. e.g.. DNA. ,n she test samde and 
(dl hybridization reagents. 
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